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Abstract: The aim of this paper is to investigate the existence of environmental Kuznets 
curve (EKC) in an open economy like Tunisia using annual time series data for the period of 
1971-2010. The ARDL bounds testing approach to cointegration is applied to test long run 
relationship in the presence of structural breaks and vector error correction model (VECM) to 
detect the causality among the variables. The robustness of causality analysis has been tested 
by applying the innovative accounting approach (IAA). 
 
 
The findings of this paper confirmed the long run relationship between economic growth, 
energy consumption, trade openness and CO2 emissions in Tunisian Economy. The results 
also indicated the existence of EKC confirmed by the VECM and IAA approaches. The study 
has significant contribution for policy implications to curtail energy pollutants by 
implementing environment friendly regulations to sustain the economic development in 
Tunisia.   
 
Keywords: EKC, Energy, Tunisia 
 
 
 
 
 
 
 
2 
 
I. Introduction 
Over the past two decades, climate change due to global warming has risen in prominence as 
one of the most significant challenges facing the world. Theoretically the existence of an 
inverted-U shape relations between real GDP per capita and measures of environmental 
degradation such as SO2 and/or CO2 emissions is defined as the  Environmental Kuznets 
Curve (EKC) hypothesis. The Environmental Kuznets Curve (EKC) hypothesis states that 
environmental degradation will initially increase as per capita income rises. At some point, 
however, the degradation will begin to decrease, forming an inverted-U shape curve. In the 
context of climate change, this indicates that CO2 emissions from a country will decrease as 
further economic development occurs. The existence of EKC has been actively researched for 
both developed and developing countries. The validity of EKC itself is debatable as it may 
depend on the unique characteristics of a country. Energy consumption, pollutant emissions 
and economic growth may be closely interrelated. 
 
While globalization has augmented, economic growth in Tunisia in the emerging economies, 
is an interesting case where it faces the difficulty to fulfilled the needs of energy demand. 
Trade may increase pollution in developing countries due to the increased production of 
emission-intensive goods for export to developed nations. Since 1986 Tunisia runs a program 
of economic liberalization and structural adjustment supported by the International Monetary 
Fund (IMF). Thus, after a period marked by an economic growth of 2.9% at constant prices 
(81-86), the annual economic growth could reach much higher values, with 4.4% between 
1988 and 1999, hereby confirmed in the following years to  reach an average annual growth 
of 4,6% between 2000 and 2010 (WDI, [65]). At present, Tunisia has a diverse economy, 
ranging from agriculture, mining, manufacturing, and petroleum products, to tourism. One of 
Tunisia’s outstanding characteristics is its remarkable economic development, sustained over 
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the past two decades driven by a process of market liberalization and integration into world 
markets. The European Union (EU) represents the first trading partner of Tunisia. More than 
two thirds of the Tunisian imports in 2008 originated from the EU and almost three quarters 
of the Tunisian exports were targeted to the EU. By subsequently removing all trade barriers, 
Tunisia became the first Mediterranean country to enter into a free trade area with the EU in 
2008. Tunisia's main exports to the EU in 2011 were manufactured products 78.5% (of which 
24.7% Clothing and 33.6% Machinery and transport equipment), then Energy (16.3%) and 
Agricultural products (4.7 %). Major imports from the EU were Machinery and transport 
equipment (35.8 %), Energy (13.6 %) and Chemicals (10 %) (European Commission- Tunisia 
Trade Statistics, [15]). In order to implementation of the trade liberalization policy in Tunisia, 
the economic growth, energy consumption is rising steadily. Therefore, the impacts will be an 
increase in the costs of the energy supply and emissions of greenhouse gases in the country. 
 
In this paper, we attempt to examine the causal relationships between income, energy 
consumption and carbon emissions in Tunisia using annual time series data by incorporating 
trade as potential determinant of energy emissions. We apply newly developed methods 
based on simulations that are robust with respect to the violation of statistical assumptions, 
especially when the sample size is small. In addition, the Granger causality test applied 
within the vector error correction model (VECM) to understand the short run dynamics as 
well as innovative accounting approach (IAA). The findings of this study develop a 
comprehensive energy policy on environmental degradation in Tunisia. The contribution of 
this paper is that it takes into account a number of potential advantages compare to the earlier 
literature. The empirical analysis of this paper incorporates both the cointegration methods 
such as Johansen and Juselius and the ARDL approach bounds testing in the presence of 
structural break stemming in the series. This is the first study for Tunisia where both the 
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methods applied in order to make the result robust. Second, the unit root properties are 
examined by applying structural break robustness. Third, we provide empirical evidence of 
the EKC by including trade as an additional determinant of CO2 emissions in case of Tunisia. 
Finally, trade openness has an important role on the higher energy consumption and income 
in Tunisia. Therefore, Policy makers have to include these indicators to estimate the level of 
energy demand for Tunisia. 
 
The remainder of this paper is structured as follows: Section-2 provides the detailed 
information on Tunisia Context. Section-3 reviews the previous studies. Section-4 we outline 
the econometric specification and estimation methodology and discuss how various 
hypotheses are tested, while section-5 provides a discussion of our empirical results. Section-
6 discusses the major findings and concludes the paper. 
 
II. Tunisian Context  
The energy intensity in Tunisia stopped increasing in the 1990s and has since then declined to 
the lowest level in the MENA region. However, the intensity remains high compared to some 
other Mediterranean countries such as Greece and Portugal. Moreover, energy expenditures - 
energy consumption valued at international energy prices - accounted for 12% of GDP in 
2006, which is a high level compared to industrialized countries (they amount to 4% of GDP 
in Japan and 7% in Greece). The energy sector played vital role in financing the economic 
growth during this period in the country, representing in 1980 approximately 13% of the 
national GDP and 16% of the national exports. The contribution of the energy sector in the 
economic growth has been decreasing since 1986. Currently, the energy sector accounts for 
approximately 5% of the GDP of the country and less than 7% of the total national exports. 
The United States Energy Information Administration (EIA) estimated the Tunisian oil 
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reserves to be 430 Mbbl in 2009, ranking it 44th worldwide. In total, 57 international and 
national companies are involved in the exploration of oil and gas with ETAP being the major 
player. (ETAP, [14]) 
 
Energy consumption in Tunisia is rising steadily as a result of economic and social 
developments. Oil and natural gas are the two main sources of energy requirements in 
Tunisia accounting for 48.30% and 39% respectively in 2008, whereas the renewable 
energies do not exceed 1%. Domestic oil distribution is controlled by state-owned National 
Distribution and Marketing Company and domestic natural gas distribution is fully controlled 
by state-owned Tunisian Company La Société Tunisienne de l'Electricité et du Gaz (STEG) 
(Law n° 62-8 / Law n° 62-16 / Law n° 70-58 / Law n° 96-27). Oil and natural gas exploration 
are controlled by state-owned Tunisian National Oil Company, L’Entreprise Tunisienne 
d'Activités Pétrolières1 (ETAP). The country produced about 81,000 barrels per day (bbl/d) 
of crude oil in 2009. This represents a decline of one-third from Tunisia’s peak output 
i.e.120000 bbl/d over the period of 1982-1984. Crude oil production has declined marginally 
in the past decade. Presently, the Tunisia's oil production capacity cannot meet the domestic 
consumption demand. The domestic consumption has increased from 83,000 barrels per day 
in 1999 to about 107,600 barrels per day in 2009. Tunisian energy consumption grew by 
500% between 1971 and 2010. At the same period, the Domestic energy production grew by 
only 47% (World Bank, World Development Indicators, [65]).  
 
The country no longer exports crude oil as domestic consumption has risen considerably in 
recent years. The country’s low refining capacity has led the country to import refined 
petroleum products to meet its demands. Industry is the biggest energy consumer (36% of 
total energy). Transport is another significant sector for consumption, accounting for 30% of 
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energy use. The building sector is also significant and growing to eventually become the 
biggest consumer of energy. Construction building materials are responsible for 60% of the 
energy of the industrial sector. Tunisia became a net oil importer for the first time in 2000 
and currently it imports over half of its petroleum product demand. Compared to its 
neighboring countries, domestic fossil energy sources in Tunisia are limited. Yet, increasing 
effort in oil production resulted in 85,887 barrels per day in 2007 compared to 76,748 barrels 
per day in 2005 (Energy Information Administration (EIA), [72]).  
 
Figure-1: Trends in Energy Consumption, CO2 Emissions and GDP 
 
 
Carbon dioxide emissions are those stemming from the burning of fossil fuels and the 
manufacture of cement. They include carbon dioxide produced during consumption of solid, 
liquid, and gas fuels and gas flaring. The variable is the percentage of global CO2 emissions 
that are produced by the country in any given year. Although a Party to the Kyoto Protocol, 
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Tunisia, as a developing country, has no GHG reduction binding commitment under this 
Protocol (Tunisia has ratified the Kyoto Protocol in 2003). However, data on CO2 emissions 
per capita level has increased over time. The main source of GHG emissions in Tunisia is the 
energy sector (52.9%), followed by agriculture (20.8%), the industrial processes (9.8%), 
forests (12.9%) and waste (3.6%) (Ministry of the Environment and Sustainable 
Development-Ministère de l'Environnement et du Développement Durable, [33]). 
 
The degree of carbon intensity of Tunisia’s economy is quite sensitive to whether one uses 
market or purchasing power parity (PPP) exchange rates for converting GDP into US dollars. 
At PPP exchange rates, in 2007 Tunisia generated 0.309 kg CO2 emissions per unit of $GDP 
(World Bank, [65]). Compared to other countries in the Arab world, Tunisia has the lowest 
level of carbon intensity (Algeria 0.532, Egypt 0.455, Lebanon 0.31, Morocco 0.364, Saudi 
Arabia 0.733 and Syria 0.775). Although, differences in this ratio across countries reflect in 
part structural characteristics of each economy, energy efficiency of particular sectors of the 
economy, and differences in fuel mixes. Tunisia also has the lowest ratio of CO2 emissions to 
total energy use  2.7 metric tons CO2 per ton of energy oil equivalent versus 3.8 for Algeria, 
2.74 for Egypt, 3.34 for Lebanon, 2.7 for Arabia Saudi,  3.23 for Morocco and 3.56 for Syria 
(International Energy Agency (IEA), [71]). 
 
In Tunisia, energy generation and the transport sector are among the major contributors to air 
pollution, at 31% and 30% respectively. The transport sector is the top contributor of CO2 
and lead emissions. CO2 emissions account for 92% of the total Greenhouse Gas emissions, 
while methane emissions account for 7%, and nitrogen oxide for 1%. GHG emissions of CO2 
from the transport sector rose from 3.4 million tonnes to 5.8 million tonnes between 1994 and 
2002, with an annual increase rate of 9%, but transport CO2 emissions have declined to reach 
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4.6 million tonnes in 2009. In 2008 an energy conservation program for the period 2008 to 
2011 was introduced. It contains measures that are estimated to save 20% of energy use by 
the end of the program. Through actions in energy efficiency and renewable energies, 8 
MtCO2eq are planned to be saved by the end of 2011 (Tunisian National Agency for Energy 
Conservation, [58]). 
 
Furthermore, in 2006 the National Fund for Energy Conservation (FNME) was implemented, 
which financially supports energy conservation policies in Tunisia. This fund is fed by 
taxation of inefficient air-conditioning appliances and cars and supplies also other sectors like 
the industrial sector. In addition to this legislation, support programs are in place like the 
successfully Prosol (a subsidy scheme for the utilization of solar thermal panels in the 
residential sector) and others, while further programs are planned. Just recently, the Tunisian 
Solar Plan was introduced with the aim to save 1.3 MtCO2eq per year until 2016. The 
Tunisian Solar Plan (TSP) is the framework for the Tunisian energy policy; within this 
framework, numerous projects and measures are planned (Tunisian National Agency for 
Energy Conservation, [59]). 
 
III. Review of Literature 
Existing research in the empirical literature investigating the causal relationship between 
economic growth, energy consumption and environmental quality, of which CO2 emissions 
has important implications. The pioneering work of Kuznets [27], which had originally 
hypothesized the existence of an inverted U-shaped relationship between economic growth 
and income inequality, has been adapted to test a similar relation between economic growth 
and environmental quality. Earlier empirical studies on the existence of the EKC using cross-
country relationships (Grossman and Krueger, [21]; Stern et al. [55]), or time-series for 
9 
 
specific countries, Egli, [12]; or panel data, Dijkgraaf and Vollebergh [11]). However, the 
results of such research have been contradictory and inconclusive.  
 
For example, energy use plays a crucial role in any industrial economy. Working with the 
Chinese provincial data from 1985 to 2005, Song et al. [54] re-examined the validity of the 
EKC in China using panel cointegration approach and found that there is a long-run relations 
between the per capita emissions of waste gas, waste water, and solid wastes and the per 
capita GDP and pollutants are inverse U-shaped in China. Using the similar method for 
applying the ASEAN over the period 1980-2006, Lean and Smyth, [28] found that long-run 
unidirectional causality exists from energy consumption and CO2 emissions to income.   
Similarly, Ang, [1] confirmed that the EKC hypothesis is satisfied in France, by incorporating 
the commercial perspective of energy consumption. In the same way applying the similar 
variables, Ang, [2] found a stable long-run relationship for Malaysia. In addition, Nasir and 
Rehman [36] found that in long-run, Environmental Kuznets Curve hypothesis holds in 
Pakistan and Shahbaz et al. [50] validated their results by conducting another study in case of 
Pakistan. In case of Indonesia, Saboori et al. [45] reported that EKC is found while trade 
openness is the major contributor of CO2 emissions after energy consumption and economic 
growth. Saboori et al. [46] established long run relationship between energy consumption, 
economic growth and energy emissions using Malaysian data. They validated the existence of 
EKC and CO2 emissions in Malaysia is cause of economic growth. Yeh [63] used the 
quantiles regressions using the data of developing and developed countries and reported the 
existence of EKC by controlling other macroeconomic variables. In case of Romania, 
Shahbaz et al. [52] confirmed long run relationship between economic growth, energy 
consumption and energy pollutants. Their empirical evidence also found that Environmental 
Kuznets curve (EKC) exists both for long-and-short runs. Moreover, energy consumption is a 
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major contributor to energy pollutants. Democratic regime shows her significant contribution 
to decline CO2 emissions through effective implementation of economic policies and 
financial development improves environment i.e. reduces CO2 emissions by redirecting the 
resources to environment friendly projects. Latter on, Uddin et al. [61] investigated the 
relationship between energy consumption, economic growth, trade openness and CO2 
emissions in the case of Sri Lanka. Their results found that economic growth Granger causes 
energy consumption and CO2 emissions. Recently, Tiwari et al. [57] also confirmed the 
existence of the environmental Kuznets curve in India and coal consumption is the major 
contributor to degrade environmental quality. 
 
The emerging economics are less concerned about the relationship between trade openness 
and environmental quality. The explanation of this issue explained that low environmental 
regulation has a competitive advantage in the production of pollution intensive-products, 
increasing exports and reducing imports of such products. The reverse case exists in the 
context of advanced economics. Starting with Copeland and Taylor [9, 10] found that cross-
country differences in income-induced environmental regulations to predictions on trade 
patterns and pollution. Antweiler et al. [4] investigated the effects of trade openness on 
environment and found that the changes in production technologies follow the trade 
liberalization. Gamper-Rabindran and Jha, [18] studied the causal relations between trade 
liberalization and environment in case of Indian economy. They found that exports and 
foreign direct investment grew in the more-polluting sectors relative to the less-polluting 
sectors. The similar results were found in Vietnam and Turkey (Mani and Jha, [31]; 
Akbostanci et al. [1]). Furthermore, Frankel and Rose, [17] found that, for a given level of 
income, trade openness affects on several measures of air pollution such as SO2 and NOx. 
The study performed by Grossman and Krueger [21] is pioneering in this regard, while 
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additional research along this line of inquiry has also been addressed by Lucas et al. [29], 
Wyckoff and Roop [62], Nahman and Antrobus [34], and others. The results of these studies, 
however, are inconclusive in terms of the relationship between trade and environmental 
quality. In a more recent study, Halicioglu [22] confirmed that for the Turkish economy, 
income was the most crucial determinant of CO2 emissions, followed by energy consumption 
and trade. 
 
By reviewing the energy economics literature, it is clear that there is an extensive literature 
on the nexus between income, energy and emissions. However, it is an important discussion 
with the findings of the country specific case. Recent studies, Sari and Soytas, [48] used 
annual data from 1971 to 2002 to reexamine the inter-temporal link between energy 
consumption and income in six developing countries (Indonesia, Iran, Malaysia, Pakistan, 
Singapore, Tunisia) in a production function framework. They found that growth of income 
and energy consumption contains considerable information to predict each other applying the 
generalized variance decompositions and generalized impulse response. This study suffers 
not only from small sample size but also from methodological deficiencies such as structural 
break is valid in case of Tunisia.  
 
In case of Tunisia, working with the annual data over the period of 1971-2004, Belloumi, [7] 
found a long-run bi-directional relationship between energy consumption and economic 
growth. Moreover, the study remains the problem of small sample size with the bivariate 
model specification. In case of small sample size, the ARDL approach is more preferable 
than Johansen cointegration method. Bartleet and Gounder, [5] also recommended 
incorporating other pertinent variables that also play an important role to elucidate the 
growth-emissions nexus. Moreover, Fodha and Zaghdoud, [16] reported that unidirectional 
12 
 
causality from economic growth to CO2 emissions in both short-run and long-run. However, 
the reverse is not true in this case. The sample size of this study may not represent the current 
situation in Tunisia. Moreover the methodological deficiencies still remain. The most recent 
studies in Tunisia, covering the period from 1971 to 2008 with annual data, Shahbaz and 
Lean [51] find the application of the relationship between energy consumption, financial 
development, economic growth, industrialization and urbanization. They claim that the 
existence of long-run relationship among energy consumption, economic growth, financial 
development, industrialization and urbanization in Tunisia by applying the ARDL and 
Granger causality test. In addition, they confirmed that long-run bidirectional causalities are 
found between financial development and energy consumption, financial development and 
industrialization, and industrialization and energy consumption.  
 
IV. Model Construction and Data Collection 
The theoretical interaction between economic growth and energy consumption with 
emissions has been widely discussed in the energy economics. This suggests that the relations 
between economic growth and energy pollutants are termed as environmental Kuznets curve. 
The EKC hypothesis explains that economic growth increases with energy emissions initially. 
The main reason is that the public and private sectors is to support the pace of economic 
growth through their contribution by creating more jobs without caring about the 
environmental cost. After a certain level of per capita income, economy starts to adopt 
environment friendly technology to enhance output in the country due to the rising demand of 
cleaner environment as people are more conscious now about environmental quality. 
Therefore, economic growth and energy emissions should be inverted U-shaped termed as 
environmental Kuznets curve (EKC).  The energy literature points out that a consistent rise in 
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economic growth increases the demand for energy to enhance output level that in return 
produces high level of energy pollutants. 
 
We have augmented the model of Fodha and Zaghdoud, [16] by incorporating trade openness in 
CO2 emissions function to investigate the relationship between economic growth, energy 
consumption, trade openness and CO2 emissions following Ang [3] for Malaysia; Halicioglu 
[22]) for Turkey, Menyah and Wolde-Rufael, [32] for South Africa and Shahbaz et al. (2012) 
for Pakistan. Following Shahbaz [49], we converted all the series into natural logarithms to 
obtain efficient and consistent results. The log-linear relationship between the variables is 
specified as follows:  
 
)1(lnlnlnlnln 54
2
3121 tttttt TEYYC     
 
Where, tCln  is natural log of energy emissions per capita, tYln ( 
2ln tY ) is economic growth 
proxied by real GDP per capita (square of real GDP per capita), tEln  is for energy 
consumption per capita, tTln  is trade openness per capita and  is residual term assumed to 
be normally distributed in time period t. The hypothesis of EKC reveals that the sign of 2  is 
positive i.e. 02  while that of 3  is negative i.e. 03  . It implies that economic growth 
increases energy emissions initially and reduces it when economy is matured. The rising 
demand for energy will increase energy emissions. Similarly, the sigh of 4  is positive i.e. 
04  . Antweiler et al. [4] explored three channels, namely scale, technique and 
composition effects, through which trade openness can result in environmental improvement 
or deteriorations. Scale effect implies that trade liberalization causes emissions due to 
economic expansion which is detrimental for environment. The technique effect is believed 
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to reduce emissions because of import of efficient and environmental friendly technologies. 
Finally, the composition effect signifies that trade liberalization may reduce or increase 
emissions depending upon whether the country has comparative advantage in cleaner or dirty 
industries. Hence, the composition effect can have both positive and negative impacts. 
Subsequently, the sign of 5  can be positive or negative depending on which effect is 
stronger and dominates the other.  
 
Annual  data on real GDP per capita, energy consumption per capita, trade volume  (exports 
+ imports) as share of GDP, population and CO2 emissions (kt) per capita has been collected 
from world development indicators (WDI-2012). The study covers the period of 1971-2010. 
 
The drawback about the absence of structural break points has been removed by Zivot-
Andrews [64] by developing three new econometric models. These econometric models are 
very useful in investigating the stationarity properties of the macroeconomic variables in the 
presence of structural break points in the series. These  models allow (i) a one-time change in 
variables at level form, (ii) a one-time change in the slope of the trend component i.e. 
function and (iii) a model has one-time change both in intercept and trend function of the 
variables to be used for empirical propose. Zivot-Andrews [64] adopted three models to 
check the hypothesis of one-time structural break in the series as follows:  
 


 
k
j
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1
1    (2) 
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In the above equation dummy variable is represented by tDU  showing mean shift occurred at 
each point with time break, while trend shift variables is shown by tDT . So, 
 




TBtif
TBtif
DU t ...0
...1
and  




TBtif
TBtifTBt
DUt ...0
...
 
The null hypothesis of unit root break date is 0c which indicates that series is not stationary 
with a drift not having information about structural break point while  0c  hypothesis 
implies that the variable is found to be trend-stationary with one unknown time break. Zivot-
Andrews unit root test fixes all points as potential for possible time break and does estimate 
through regression for all possible break points successively. Then, this unit root test selects 
that time break, which decreases one-sided t-statistic to test 1)1(ˆ  cc . Zivot-Andrews 
intimate that in the presence of end points, asymptotic distribution of the statistics is diverged 
to infinity point. It is necessary to choose a region where end points of sample period are 
excluded. Further, Zivot-Andrews suggested the trimming regions i.e. (0.15T, 0.85T) are 
followed.  
  
In order to examine long run relationship between the variables of interest, there are 
numerous cointegration approaches available in existing literature. For example, Engle and 
Granger [13] based on two-step procedure, Johansen [25], Johansen and Juselius [26] based 
on full information maximum likelihood and, Stock and Watson [56] based on dynamic 
ordinary least square require that all the series should be integrated at same order of 
integration. These cointegration approaches do not have good power properties for small 
sample and require large sample data for efficient and reliable empirical evidence (Gonzalo 
16 
 
and Lee, [19]). These tests seem produce misleading results regarding cointegration if series 
are integrated at I(1) or I(0) in the system (Cheung and Lai, [8]). Moreover, critical values 
developed by Johansen cointegration approach are not suitable (Turner, [60]).    
 
The autoregressive distributed lag modelling or the ARDL bounds testing approach 
developed by Pesaran et al. [38] is superior to traditional cointegration approaches due to 
numerous aspects. For example, the ARDL bounds testing approach is suitable to apply for 
long run relationship between the variables if the variables are found to be stationary at level 
or 1st difference. The bounds testing approach to cointegration is suitable for small sample. In 
the presence of some endogenous variables, the ARDL bounds testing provide efficient long 
run estimates with valid t-statistics. The bounds approach to cointegration also seems to 
combine short run dynamics with long run equilibrium path having long run information 
following unrestricted error correction model (UECM). The UECM is modelled as following: 
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Where difference operator is indicated by , DUM is dummy variable to capture the 
structural break stemming in the series and  is residual term assumed to have normal 
distribution with finite variance and zero mean. Next step is to compute the ARDL F-statistic 
to examine whether cointegration between the variables exists or not. Appropriate lag order 
of the variables is necessary to choose because value of F-statistic varies with lag order. We 
use Akaike information criteria (AIC) to choose suitable lag length. We apply F-test 
developed by Pesaran et al. [38] to examine the joint significance of estimates of lagged level 
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of the series. The null hypothesis of no cointegration is 0: 20  TEYYCH   and 
hypothesis of cointegration is 0: 20  TEYYCH  . Two asymptotic such as upper 
critical bound (UCB) and lower critical bound (LCB) have been generated by Pesaran et al. 
[38]. We accept the hypothesis of cointegration if computed F-statistic is more than upper 
critical bound. The hypothesis of cointegration is rejected once lower critical bound is more 
than our computed F-statistic. We cannot make decision about cointegration if computed F-
statistic is between upper and lower critical bounds. We utilize critical bounds developed by 
Narayan [35] because these are suitable for small sample i.e. T = 30 to T = 80. It is pointed 
by Narayan [35] that critical bounds provided by Pesaran et al. [38] are downwards and may 
produce misleading results. The diagnostic tests have also been conducted to test the problem 
of normality, serial correlation, autoregressive conditional heteroskedasticity, white 
heteroskedasticity and specification of the ARDL bound testing model.  
 
We should apply the vector error correction model (VECM) to investigate causal relationship 
between the variables once cointegration relationship exists between the series. It is argued 
by Granger, [20] that the VECM is an appropriate approach to examine causality between the 
variables when series are integrated at I(1). The empirical equation of the VECM Granger 
causality approach is modelled as following: 
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Where (1 )L indicates difference operator and lagged residual term is indicated by ECTt-1 
which is obtained from long run relationship while ,,,, 4321 tttt  and t5 are error terms. 
These terms are supposed to be homoscedastic i.e. constant variance. The statistical 
significance of coefficient of lagged error term i.e. 1tECT  using t-statistic shows long run 
causal relationship between the variables. The short run causality is shown by statistical 
significance of F-statistic using Wald-test by incorporating differenced and lagged 
differenced of independent variables in the model. Moreover, joint significance of lagged 
error term with differenced and lagged differences of independent variables provides joint 
long-and-short runs causality. For example, iib  0,12  implies that economic growth 
Granger-causes CO2 emissions per capita and economic growth is Granger cause of CO2 
emissions per capita shown by iib  0,21 .  
 
We have conducted diagnostic tests to test the CLRM assumptions such as normality of error 
term, serial correlation, autoregressive conditional heteroskedasticity, white 
heteroskedasticity and specification of short model. The reliability of short run estimates is 
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investigated by applying the cumulative sum (CUSUM) and the cumulative sum of squares 
(CUSUMsq) suggested by Pesaran and Shin, [37].	
 
V. Results and their Interpretations 
According to the ADF, PP and DF-GLS unit root tests to test the stationarity properties of the 
variables, it indicates that all the variables are found to be non-stationary at their level and 1st 
differencing, series do not show unit root problem. It implies that all the series are integrated 
at I(1)2. The problem with these unit root tests is that they do not have information about 
structural breaks stemming in the series. In such an environment, application of these tests 
provides unreliable and biased results. A study by Baum, [6] forced to apply structural break 
unit root test to examine unit root properties of the variables. The reason is that misleading 
results about order of integration of the variables would be help for policy makers in 
articulating comprehensive economic policy. To overcome this objection, we choose to apply 
Zivot-Andrews (Zivot and Andrews, [64]) structural break unit root test which allows having 
information about an unknown structural break point stemming in the time series. 
 
Table-1: Zivot-Andrews Structural Break Unit Root Test 
Variable  At Level At 1st Difference 
T-statistic Time Break T-statistic Time Break 
tCln  -2.917(1) 1990 -5.253(0)** 1987 
tYln  -3.726 (1) 1988 -4.876(0)*** 1997 
2ln tY  -3.683 (1) 1988 -4.913 (0)*** 1997 
tEln  -3.148 (1) 1989 -6.587 (0)* 1984 
tTln  -3.937 (1) 1976 -7.575 (0)* 1981 
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Note: *, ** and *** represent significant at 1%, 5% and 10% level of 
significance. Lag order is shown in parenthesis. 
 
The results are reported in Table-1. The results indicate that variables do have unit root 
problem at level with a structural break both in intercept and trend. The both variables are 
found to be stationary at 1st difference. This implies that the variables are integrated at I(1). 
The unique integrating properties of the both series leads us to implement the ARDL bounds 
testing approach to cointegration examining the long run relationship between economic 
growth, energy consumption, trade openness and CO2 emissions over the study period of 
1971-2010 in case of Tunisia. An appropriate lag order of the variables is needed to apply the 
ARDL bounds testing. Various lag length criterion are available indicated in Table-2. We 
followed Akaike information criteria to select appropriate lag length. It is pointed by 
Lütkepohl, [30] that AIC has superior power properties for small sample data compared to 
any lag length criterion. Our decision about lag length is based on the minimum value of 
AIC. The results are reported in Table-2. It is found that we cannot take lag more than 1 in 
such small sample data.  
 
Table-2: Lag Length Criteria 
VAR Lag Order Selection Criteria 
 Lag LogL LR FPE AIC SC HQ 
0  228.7679 NA   3.84e-12 -12.0955 -11.8778 -12.0188 
1  429.4084   336.2085*   2.94e-16*  -21.5896*  -20.2834*  -21.1291* 
2  449.9469  28.8649  4.04e-16 -21.3484 -18.9538 -20.5042 
3  474.1167  27.4359  5.22e-16 -21.3036 -17.8205 -20.0756 
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 * indicates lag order selected by the criterion 
 LR: sequential modified LR test statistic (each test at 5% level) 
 FPE: Final prediction error 
 AIC: Akaike information criterion 
 SC: Schwarz information criterion 
 HQ: Hannan-Quinn information criterion 
 
The next step is to estimate the ARDL F-statistic to examine the existence of cointegration 
between economic growth, energy consumption, trade openness and CO2 emissions over the 
study period of 1971-2010 in case of Tunisia. The results of the ARDL F-statistic are 
reported in Table-5. The results indicate that our computed F-statistic i.e. 8.595 (11.766) and 
12.096 are s greater than upper critical bounds at 5 and 1 per cent levels of significance once 
we used CO2 emissions (energy consumption) and trade openness are used as forcing 
variables in the presence of structural breaks such as 1990 (1989) and 1976 respectively. It 
implies that there are three cointegration vectors and we may reject the hypothesis of no 
cointegration. This confirms the presence of long run relationship between CO2 emissions, 
economic growth, energy consumption and trade openness in case of Tunisia.  
 
Table-3: ARDL Cointegration Analysais 
Variable  tCln  tYln  2ln tY  tEln  tTln  
F-statistics 8.595** 3.635 3.420 11.766* 12.096* 
Structural Break 1990 1988 1988 1989 1976 
Critical values# 1 % level 5 % level 10 % level   
Lower bounds 10.150 7.135 5.950   
Upper bounds 11.130 7.980 6.680   
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Diagnostic Test 
2R  0.6720 0.9998 0.9998 0.8799 0.7377 
2RAdj   0.3440 0.9995 0.9994 0.6999 0.3881 
F-statistic 2.0498*** 37.4092* 36.5700* 4.8881* 2.1104***
Note: *, ** and *** show significant at 1%, 5% and 10% level respectively. # Critical 
values bounds are from Narayan (2005) with unrestricted intercept and unrestricted 
trend. 
 
Table-4 Results of Johansen Cointegration Test 
Hypothesis Trace Statistic Maximum Eigen Value 
R = 0  115.9740*  57.35667* 
R  1  58.6173*  31.3741* 
R  2  27.2432  15.9318 
R  3  11.3113  9.4792 
R  4  1.83211  1.8321 
Note: * shows significance at 1% level of significance.  
 
To test the robustness of long run relationship, we also applied Johansen and Juselius [26] 
approach to cointegration. The results (reported in Table-4) validate that there is a long run 
relationship found between the variables. It implies that long run results are effective and 
robust.   
 
The long-run marginal impacts of economic growth, energy consumption and trade openness 
on CO2 emissions are reported in Table-5. Both linear and non-linear terms of real GDP 
provide evidence in supporting inverted-U relationship between economic growth and CO2 
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emissions. The result indicates that a 1% rise in real GDP will raise CO2 emissions by 4.904 
per cent while negative sign of squared term seems to corroborate the delinking of CO2 
emissions and real GDP at the higher level of income. These evidences support the EKC 
hypothesis revealing that CO2 emissions increase in the initial stage of economic growth and 
decline after a threshold point3. The earlier stage of Tunisian economic development is 
associated with slow economic activities. At such a stage, no environmental technologies are 
still used. At the same time, government policies are more directed towards economic 
development than to environmental problems. Consequently, CO2 emissions rise with 
economic activities especially in big industrial cities such as Tunis, Sousse, Sfax and Gabès. 
After, the Law 2004-72 marked a critical turning point because it established energy 
efficiency as a national priority because of its contribution to sustainable development. The 
law outlines what actions are to be considered as constituting energy efficiency and places 
especial emphasis on: obligatory periodical CO2 emissions audits, regulation of the thermal 
performance of buildings, carbon dioxide test of car motors, transport planning in large 
agglomerations and promotion of renewable energy.   
 
The impact of energy consumption on CO2 emissions reveals that energy consumption is 
major contributor to energy pollutants. A 1 per cent rise in energy consumption raises CO2 
emissions by 0.81 per cent keeping other things constant. Energy demand in Tunisia is rising 
as a result of the growing economy. The country went for the first time into energy deficit in 
1994 and after the production declined quite speedily and the deficit became marked and 
apparently persistent. In Tunisia, energy policy is dominated by energy efficiency and 
renewable energies over the last decades. Law No. 2004-72 on the rational use of energy 
defines the sensible use of energy as a national priority and as the most important element of 
a sustainable development policy. It states three principal goals: energy saving, the promotion 
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of renewable energy and the substitution of forms of energy previously used, wherever this 
offers technical, economic and ecological benefits. Since 2005 with the adoption of above 
mentioned law and the creation of a national energy fund (subject of Law N° 2005-106) 
Tunisia set the political framework to increase energy efficiency and develop renewable 
energy sources. Decarbonisation of the energy sector and a decoupling of economic growth 
and GHG emissions occurred. Moderated primary energy demand growth of 2.8 % per year 
and the increase of the renewable share towards 4 % of the consumption until 2011 are the 
key measures to reduce GHG emissions in the energy sector4.  
 
The results note that trade openness has positive and significant impact on CO2 emissions. 
All else is same, 0.2035 per cent of CO2 emissions are contributed with 1 per cent increase in 
trade openness5. In 2009 the Agence Nationale pour la Maitrise de l’Energie2 (ANME) 
described the energy policy in the context of the international efforts to reduce GHG 
emissions in a detailed development guide. ANME aims at the production of energy from 
natural gas to reduce energy sector emissions. Between 2008 and 2010 contract based 
programs in the industrial sector, roll-out of fluorescent energy saving lamps in the residential 
sector, the certification of electric appliances, cogeneration, thermal insulation of buildings, 
solar water heating and wind power generation are politically set priorities for the energy 
sector development. In 1991, Tunisia acceded to the General Agreement on Tariffs and Trade 
(GATT) and is a member of World Trade Organization (WTO), thereby engaging in 
multilateral trade negotiations. Meanwhile, in 1995, Tunisia signed a free trade agreement 
with the European Union, which stipulates a gradual removal of barriers to the entry of goods 
from EU countries, until their total abolition. The European Union remains Tunisia's first 
trading partner, currently accounting for 72.5% of Tunisian imports and 75% of Tunisian 
exports7. In 1998, Tunisia has signed other regional preferential trade agreement namely the 
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Greater Arab Free Trade Area (GAFTA). In 2004, Tunisia has also signed the framework 
agreement for a multilateral trade agreement with Egypt, Jordan, and Morocco, known as the 
Agadir Agreement. The Agadir Agreement creates a potential market of over 100 million 
people across North Africa and into the Middle East. These agreements played a significant 
role in opening up Tunisia’s trade, as evidenced by the rising trend of its exports relative to 
GDP and the increase of Tunisia’s trade openness (defined as the sum of imports and exports 
over GDP) from 68 percent in 1986 to almost 126 percent in 2008. In 2010, Tunisia occupied 
the first place in North Africa in terms of enabling trade and 38th worldwide moving up by 
three places from 20098.  
 
Table-5: Long and Short Runs Results 
Dependent Variable: tCln  
Long Run Results  
Variable Coefficient Std. Error t-Statistic 
Constant  -23.8490 8.8318 -2.7003** 
tYln  4.9040 2.5298 1.9384*** 
2ln tY  -0.3286 0.1573 -2.0879** 
tEln  0.8137 0.1929 4.2170* 
tTln  0.2035 0.0638 3.1885* 
Short Run Results 
Variable Coefficient Std. Error t-Statistic 
Constant  0.0185 0.0100 1.8484*** 
tYln  5.7735 2.4950 2.3139** 
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2ln tY  -0.4064 0.1758 -2.3111** 
tEln  0.4972 0.2873 1.7302*** 
tTln  0.1148 0.0932 1.2323 
1tECM  -0.7707 0.1397 -5.5149* 
2R  0.5220   
2RAdj   0.4496   
F-statistic 7.2085*   
Diagnostic Test F-statistic Prob. value  
NORMAL2  2.1106 0.3480  
SERIAL2  0.8264 0.4469  
ARCH2  0.0585 0.9431  
WHITE2  1.9759 0.0760  
REMSAY2  0.0904 0.7655  
Note: *, ** and *** show significance at 1%, 5% and 
10% level of significance respectively.  
 
The lower part of Table-5 provides the details of the short run results. It is noted that the 
signs of both linear and nonlinear terms of real GDP per capita validates again the existence 
of an inverted-U Kuznets curve in the short run. The results show that the long-run income 
elasticity for CO2 emissions is less than the short-run elasticity for CO2 emissions. This 
further claim that the existence of EKC. Energy consumption increase CO2 emissions 
significantly and impact of trade openness on energy emissions is positive but it is 
statistically insignificant. 
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The coefficient of 1tECM  has negative sign and significant at 1 per cent level of 
significance. The significance of lagged error term corroborates the established long run 
association between the variables. Furthermore, the negative and significant value of 1tECM  
implies that any change in CO2 emissions from short run towards long span of time is 
accurated by 77.07 per cent every year. Sensitivity analysis indicates that short run model 
passes all diagnostic tests i.e. LM test for serial correlation, ARCH test, normality test of 
residual term, white heteroskedasticity and model specification successfully. The results are 
shown in lower segment of Table-5. It is found that short run model does not show any 
evidence of non-normality of residual term and implies that error term is normally distributed 
with zero mean and covariance. Serial correlation does exist between error term and CO2 
emissions. There is no autoregressive conditional heteroscedasticity and same inference is 
drawn about white heteroscedasticity. The model is well specified proved by Ramsey RESET 
test. 
 
The stability of long run parameters is tested by applying the CUSUM and CUSUMSQ tests. 
The plots of both CUSUM and CUSUMSQ statistics are reported in Figure 1 and Figure 2. 
These figures demonstrate that plots are of both tests are within the critical bounds and, 
therefore, confirm the stability of long-run estimates. Figure-2 indicates that blue line of 
CUSUMsq test crosses the critical bounds at 5 percent confidence interval. It implies that the 
ARDL parameters are instable. Parameter instability is around the year 1995-96 in 
CUSUMsq test but graph of CUSUM test does lie within critical bounds at 5 percent 
confidence interval. The break point in the economy can be detected and linked to the free 
trade agreement signed with European Union (EU) in 1995, which stipulates a gradual removal of 
barriers to the entry of goods from EU countries, until their total abolition. 
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Figure-1 
Plot of Cumulative Sum of Recursive Residuals 
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The straight lines represent critical bounds at 5% significance level. 
Figure-2   
Plot of Cumulative Sum of Squares of Recursive Residuals 
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The straight lines represent critical bounds at 5% significance level. 
 
The European Union remains Tunisia's first trading partner, currently accounting for 72.5% of 
Tunisian imports and 75% of Tunisian exports9. Furthermore, we employ Chow forecast test to 
examine the significance structural break points in the economy for the period 1995-96. F-
statistics computed in Table-6 is reported. It indicates no structural break in the economy. 
Chow forecast test is more reliable and preferable than graphs. Graphs mostly seem to 
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mislead the results (Leow, [66]). It is documented that there is no sign of structural break in 
sample period of the study. 
Table-6: Chow Forecast Test 
Chow Forecast Test Value Prob. Value
F-statistic  0.5143  0.9046 
Likelihood ratio  15.3968  0.4957 
 
 
 
 
The VECM Granger Causality Analysis  
The presence of cointegration among the variables implies that causality relation must be 
existed at least from one side. The directional relationship between economic growth, energy 
consumption, trade openness and CO2 emissions will provide help in articulating 
comprehensive policy to economic growth by controlling environment from degradation and 
utilize energy efficient technologies importing from advanced countries. We applied Granger 
causality test within the VECM framework to detect the causality between the variables. 
Table-7 reports the results of the VECM Granger causality analysis. The long run causality is 
captured by a significant t-test on a negative coefficient of the lagged error-correction 
term 1tECM . The jointly significant LR test on the lagged explanatory variables shows short-
run causality.  
 
The results reported in Table-7 reveal that the estimates of 1tECM  are statistically 
significant with negative signs in all the VECMs except economic growth equations. 
Moreover, statistical significance of 1tECM  indicates the shock exposed by system 
converging to long run equilibrium path at a slow speed for trade openness equation (-
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0.7004) and energy consumption equation (-0.6768) the VECMs as compared to adjustment 
speed of CO2 emissions equation (-0.5824) the VECM.  
 
 
Table-7: VECM Causality Analysis 
Dependent 
Variable 
Short Run Long Run 
tCln  tYln  2ln tY  tEln  tTln  1tECM  
tCln  … 0.1076 
[0.8984] 
0.0239 
[0.9767] 
4.2858* 
[0.0242] 
1.3039 
[0.2880] 
-0.5824* 
[-3.5051] 
tYln  0.1140 
[0.8926] 
… 7.5780* 
[0.0001] 
3.5071** 
[0.0437] 
0.8156 
[0.4526] 
… 
2ln tY  0.1371 
[0.8724] 
5.9579* 
[0.0010] 
… 3.5002** 
[0.0454] 
0.8352 
[0.4344] 
… 
tEln  5.1119** 
[0.0131] 
1.2269 
[0.3090] 
1.0004 
[0.3809] 
… 0.1084 
[0.8976] 
-0.6768** 
[-2.3917] 
tTln  0.7192 
[0.5458] 
0.9567 
[0.3968] 
0.9070 
[0.3957] 
0.5890 
[0.5618] 
… -0.7004* 
[-4.3240] 
Note: * and ** show significance at 1% and 5% level of significance respectively.  
 
The results indicate that unidirectional causality running from economic growth to CO2 
emissions in long run. This finding corroborates that the EKC exists in case of Tunisia. The 
feedback effect is found between energy consumption and CO2 emissions. Trade openness 
and CO2 emissions Granger cause each other. Bidirectional causality also exists between 
trade openness and energy consumption. This finding is consistent with Sadorsky, [47] for 
South America who reported also reported feedback between trade (exports and imports) and 
domestic output. The unidirectional causality is also found running from economic growth to 
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energy consumption. In short run, bidirectional causality is found between energy 
consumption and CO2 emissions. Energy consumption Granger causes economic growth.   
 
The Granger causality test does not determine the relative strength of causality effect beyond 
the selected time span (Shan, [53]; Shahbaz et al. [67]). It is unable to indicate how much 
feedback exists from one variable to the other. To overcome the shortcoming of Granger 
causality test, we employ Innovative Accounting Approach (IAA) to investigate the dynamic 
causality relationships among economic growth, energy consumption, trade openness and 
CO2 emissions. IAA avoids the problem of endogeneity and integration of the series. This 
approach is superior to the VECM Granger causality test because the latter only shows causal 
relationship between the variables within the sample period while the former illustrates the 
extent of causal relationship ahead the selected sample period. It is pointed by Pesaran and 
Shin, [37] that generalized forecast error variance decomposition method shows proportional 
contribution in one variable due to innovative shocks stemming in other variables. The main 
advantage of this approach is that like orthogonalized forecast error variance decomposition 
approach; it is insensitive with ordering of the variables because ordering of the variables is 
uniquely determined by VAR system. Further, the generalized forecast error variance 
decomposition approach estimates the simultaneous shock affects. Engle and Granger, [13] 
and Ibrahim, [23] argued that with VAR framework, variance decomposition approach 
produces better results as compared to other traditional approaches. The results of variance 
decomposition approach are described in Table-8. The empirical evidence indicates that a 
17.64% (21.55%) portion of CO2 emissions is contributed by its own innovative shocks and 
one standard deviation shock in real GDP per capita (squared of real GDP per capita). The 
contribution of energy consumption and trade openness is minimal i.e. 9.08% and 8.52% 
respectively. CO2 emissions, energy consumption and trade openness explain economic 
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growth by 9.21%, 14.05% and 8.11% respectively. A standard shock in linear and nonlinear 
terms of real GDP per capita (economic growth) contributes to energy consumption by 
23.56% and 34.84% respectively. CO2 emissions and trade openness explain energy 
consumption by 11.53% and 9.79% respectively and residual (20.26%) is contributed by own 
standard shock in energy consumption.         
 
Table-8: Variance Decomposition Method 
 Variance Decomposition of tCln  
 Period S.E. tCln  tYln  
2ln tY  tEln  tTln  
 1  0.0445  100.0000  0.0000  0.0000  0.0000  0.0000 
 2  0.0491  95.2731  1.0588  0.8408  2.7154  0.1118 
 3  0.0523  90.3757  3.5994  0.7582  4.0923  1.1737 
 4  0.0558  79.5123  9.7814  2.8821  3.7181  4.1058 
 5  0.0613  67.0209  16.6202  3.12750  4.5049  8.7263 
 6  0.0649  59.9640  20.0541  5.6524  4.2104  10.1188 
 7  0.0675  55.4488  21.0545  8.6443  4.0952  10.756 
 8  0.0716  50.7392  20.3414  13.5897  5.5021  9.8274 
 9  0.0755  47.1073  19.2283  17.6236  6.7918  9.2488 
 10  0.0801  43.1985  17.6404  21.5590  9.0819  8.5200 
 Variance Decomposition of tYln  
 Period S.E. tCln  tYln  
2ln tY  tEln  tTln  
 1  0.0224  0.6401  99.3598  0.0000  0.0000  0.0000 
 2  0.0282  5.5878  89.9195  0.7039  1.0751  2.7134 
 3  0.0338  3.9001  76.2913  4.2680  10.2109  5.3294 
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 4  0.0395  4.2849  67.8636  9.11365  8.9457  9.7921 
 5  0.0454  4.6435  62.1836  14.7248  7.9190  10.5291 
 6  0.0510  4.8912  60.0555  16.4952  7.5487  11.0090 
 7  0.0564  5.1776  58.2621  17.4298  8.9283  10.2021 
 8  0.0621  6.5034  54.4854  18.7217  10.8881  9.4015 
 9  0.0683  8.0341  50.3422  20.266  12.8031  8.5542 
 10  0.0744  9.2188  47.1222  21.4936  14.0542  8.1110 
 Variance Decomposition of 2ln tY  
 Period S.E. tCln  tYln  
2ln tY  tEln  tTln  
 1  0.3308  0.6759  99.2610  0.0629  0.0000  0.0000 
 2  0.4194  5.4177  90.0166  1.1040  0.9249  2.5366 
 3  0.5001  3.8094  77.5702  3.8829  9.6857  5.0516 
 4  0.5838  4.2496  69.7003  8.0936  8.5146  9.4417 
 5  0.6703  4.6363  64.2832  13.2585  7.5945  10.2272 
 6  0.7535  4.8960  62.1595  14.9210  7.2842  10.7390 
 7  0.8356  5.2069  60.2973  15.8471  8.6874  9.9610 
 8  0.9213  6.5448  56.4738  17.1417  10.6429  9.1965 
 9  1.0140  8.0760  52.2703  18.7017  12.5691  8.3827 
 10  1.1069  9.2593  48.9824  19.9542  13.8382  7.9656 
 Variance Decomposition of tEln  
 Period S.E. tCln  tYln  
2ln tY  tEln  tTln  
 1  0.0295  15.4033  18.4541  15.4609  50.6816  0.0000 
 2  0.0336  27.7207  14.9081  12.7352  40.8274  3.8084 
 3  0.0404  19.4140  10.9853  28.6574  37.6942  3.2489 
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 4  0.0458  15.5124  16.2010  28.4834  29.5585  10.2445 
 5  0.0511  12.4865  23.0822  29.0983  24.1471  11.1857 
 6  0.0553  10.6837  26.0570  28.7543  20.9469  13.5578 
 7  0.0598  9.7938  27.0697  30.4366  20.2351  12.4645 
 8  0.0645  10.6287  26.2032  32.1432  19.3918  11.6329 
 9  0.0698  11.1439  24.9049  33.7213  19.8682  10.3616 
 10  0.0747  11.5329  23.5654  34.8405  20.2631  9.7978 
 Variance Decomposition of tTln  
 Period S.E. tCln  tYln  
2ln tY  tEln  tTln  
 1  0.0596  12.6175  1.7214  1.6530  3.3415  80.6663 
 2  0.0882  27.4219  8.4410  1.6840  14.7440  47.7088 
 3  0.0973  25.0521  8.5960  1.5335  24.1910  40.6273 
 4  0.1024  22.6389  13.7502  2.4004  23.7796  37.4307 
 5  0.1058  21.8294  17.4439  2.8371  22.4457  35.4437 
 6  0.1091  21.4600  16.8606  3.0987  25.2202  33.3603 
 7  0.1141  21.1023  15.5175  6.2009  26.4027  30.7763 
 8  0.1182  20.3947  14.6010  10.1885  25.7106  29.1050 
 9  0.1201  19.9173  14.1479  12.3144  25.0346  28.5856 
 10  0.1207  19.6993  14.1635  12.9537  24.8159  28.3673 
 
One standard shock in CO2 emissions (linear and nonlinear terms of real GDP per capita) and 
energy consumption fund to trade openness by 0.12%, (14.16% and 12.95%) and 24.81% 
respectively. Overall results point out that economic growth Granger causes CO2 emissions 
and energy consumption. Trade openness is Granger cause of energy consumption.  
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Impulse Response Function (IRF) 
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The impulse response function is alternative of variance decomposition method show how 
long and to what extent dependent variable reacts to shock stemming in independent 
variables. The results indicate that the response in CO2 emissions due to forecast error 
stemming in economic growth initially rises, goes to peak and then starts to decline after 5th 
time horizon. This presents the phenomenon of environmental Kuznets curve or inverted U-
shaped relationship between economic growth and CO2 emissions. The response in CO2 
emissions is positive but fluctuating due forecast error in energy consumption and trade 
openness. The forecast error in energy consumption (CO2 emissions) and trade openness 
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stimulates (declines) economic growth. The forecast error arising in economic growth and 
trade openness intends energy consumption to respond positively but the negative response is 
found in energy consumption due to shock in CO2 emissions. The response in trade openness 
is fluctuating due to one standard forecast error in CO2 emissions, economic growth and 
energy consumption.      
 
VI. Conclusion and Policy Implications 
This paper deals with empirical investigation between CO2 emissions and economic growth 
by incorporating energy consumption and openness trade as potential determinants of CO2 
emissions function in case of Tunisia over the period of 1971-2010. We have applied 
structural break unit root test and long run relationship between the variables is investigated 
by applying the ARDL bounds testing approach to cointegration. Causal relationship among 
economic growth, energy consumption, trade openness and CO2 emissions is scrutinized by 
applying the VECM Granger causality approach and robustness of causality analysis is 
examined by innovative accounting approach.  
 
According to the results, in this study is shown that cointegration exists between the variables 
for long run relationship. Furthermore, Environmental Kuznets curve (EKC) exists between 
economic growth and CO2 emissions. Energy consumption adds in CO2 emissions. Trade 
openness contributes to CO2 emissions. The causal analysis reveals that Overall results point 
out that economic growth Granger causes CO2 and energy consumption. In this work shown 
that trade openness is Granger cause of energy consumption.  
  
The findings of this paper suggest that Tunisia will need to implement specific policies to 
reduce emissions, especially fossil fuel carbon dioxide (CO2). The appropriate choice of 
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instrument, or instruments, to reduce CO2 emissions is, however, a complex policy decision. 
Price reform will save large quantities of energy, especially in the long-run and can make a 
substantial reduction in GHG emissions. All energy prices in Tunisia are subsidized, but 
unevenly. The total value of subsidies for petroleum products is estimated at US$ 1220 
million in 2007, or around US$ 126/toe on average. The cost of subsidizing energy rose 
dramatically; in 2003, the subsidies from the state budget to energy products were around 
US$ 152 million (an eightfold increase in four years). Then, a reduction of the subsidies, 
granted by the Tunisian Government to the energy sector, should mitigate the CO2 emissions. 
 
In order to obtain the sustainable energy policy, the Tunisian government plans to increase 
the share of renewable energies from 2010 below 1% of the total energy consumption to 
about 4% in 2011. Moreover, the share of renewable energies in the electricity sector is 
planned to increase to 10% of the total capacity in the same time frame. These goals have not 
been reached. Carbon pricing policies are the most important instruments for promoting the 
development and deployment of clean technologies. However, in Tunisia, supplementary 
institutional regulations may be needed to help overcome market barriers to large clean-
energy investments. Regulatory instruments can provide incentives for clean technology 
diffusion. Regulatory policies can also reduce the demand for electricity, and direct fuel 
usage, through setting standards for energy intensity. 
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Footnotes 
1. The L’Entreprise Tunisienne d’Activités Pétrolières (ETAP) is the state-owned 
industrial and commercial company, created by the law (N°72-22) of 1972.  
2. The results of ADF, PP and DF-GLS tests are available upon request from authors. 
3. This finding is consistent with Fodha and Zaghdoud [16] for Tunisia.  
4. This finding is in line with Saboori et al. [45] for Indonesia, Shahbaz et al. [50] for 
Pakistan and Saboori et al. [46] for Malaysia. Similarly trade openness also adds in 
CO2 emissions 
5. However, this finding supports the view of Khalil and Inam [68] who probed that 
international trade is harmful to environmental quality in Pakistan and Halicioglu 
[22]) who posited that foreign trade increases CO2 emissions in Turkey. Sharma [69] 
also reported the same inference. 
6. Tunisian National Agency for Energy Conservation.  
7. At the end of 2012, Tunisia will have access to the European Union advanced partner 
status.  
8. The Global Enabling Trade Report [70].  
9. Furthermore, in 1990, Tunisia signed the GATT agreements. The adherence to the 
WTO was achieved in 1995. 
10. Tunisia has signed the statute of the International Renewable Energy Agency 
(IRENA) in April 2009. 
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